Stereotype threat refers to the concern that is experienced when one feels "at risk of confirming, as self-characteristic, a negative stereotype about one's group" (Steele & Aronson, 1995) . A large number of studies have found that concern about confirming the relevant negative stereotype negatively impacts the performance of the stigmatized individuals (e.g., Aronson, Fried, & Good, 2002; Ben-Zeev, Fein, & Inzlicht, 2005; Blascovich, Spencer, Quinn, & Steele, 2001; Brown & Pinel, 2003; Davies, Spencer, Quinn, & Gerhardstein, 2002; Jamieson & Harkins, 2007; Johns, Schmader, & Martens, 2005; Schmader & Johns, 2003; Spencer, Steele, & Quinn, 1999; Steele & Aronson, 1995) . A variety of cognitive tasks have been used to study these debilitating effects, including verbal and quantitative problems on the Graduate Record Examination (GRE) (Steele & Aronson, 1995) , tests of memory (Hess, Auman, Colcombe, & Rahhal, 2003) , Graduate Management Admissions Test (GMAT) problems ), mental rotation problems (Martens, Johns, Greenberg, & Schimel, 2006) , the Stroop color-word task (Jamieson & Harkins, 2011) , and reading span tasks (Mazerolle, Regner, Morisset, Rigalleau, & Huguet, 2012) .
In contrast, very few studies have examined the effect of stereotype threat on the performance of sensorimotor tasks. Three studies have examined golf putting (Beilock, Jellison, Rydell, McConnell, & Carr, 2006; Stone, Lynch, Sjomeling, & Darley, 1999; Stone & McWhinnie, 2008) , one investigated soccer dribbling (Chalabaev, Sarrazin, Stone, & Cury, 2008) , one driving in a simulator (Yeung & von Hippel, 2008) , and one basketball free throw shooting and tennis serving (Hively & El-Alayli, 2014) . Not only have few tasks been studied, but also performance on these tasks has been quantified with only relatively coarse measures. For example in the soccer dribbling task, Chalabaev et al. (2008) evaluated overall speed and found that females under stereotype threat completed the drill significantly more slowly than those without threat. Although this finding supports the argument that the stereotype has a negative effect on sensorimotor performance, these results are mute about how stereotype threat affects motor performance. In soccer dribbling, slower performance can result either from being slow and cautious, but making minimal errors, or from moving fast, but making hasty mistakes that then need correcting. In golf putting, stigmatized individuals have been shown to be less accurate (Beilock et al., 2006) and require more strokes to putt a ball to a target hole (Stone & McWhinnie, 2008) . As in soccer, these outcome measures say little about how stereo-type threat affects sensorimotor control: the increased number of strokes does not reveal whether more cautious behavior or larger errors led to specific changes in the golf swing without additional measures of sensorimotor control. Finally, a recent study by Hively and El-Alayli (2014) investigated the effect of stereotype threat on collegiate athletes in two different sensorimotor tasks, shooting a basketball and serving a tennis ball, by combining their performances with z-scores.
Performance on complex sensorimotor tasks is the result of a variety of motor, as well as cognitive, processes, and global performance measures alone cannot identify how stereotype threat may affect them. In fact, even if stereotype threat has little or no visible effect on the primary outcome measure, it may still affect the underlying control processes. For example, Chalabaev and colleagues (2013) found that, on a ballistic contraction task, stereotype threat did not affect the primary performance measure, maximum force production, but did influence the peak rate of force production, suggesting some effect on control processes.
To investigate how stereotype threat affects sensorimotor control, it is necessary to derive measures that more directly reflect these control processes. For ball tasks such as golf putting, soccer dribbling, tennis serving, and basketball shooting overall performance is determined by the motor actions of the human as well as the dynamics of the ball. Extracting measures that reflect control requires an accurate model of the ball and the external environment.
Rhythmic Ball Bouncing Task
In the present work, we used an experimental task developed by Sternad and colleagues where the participants rhythmically bounced a ball with a racket (Schaal, Atkeson, & Sternad, 1996; Sternad, 1999 Sternad, , 2006 Sternad, Huber, & Kuznetsov, 2014) . Participants manipulate a real table tennis racket to bounce a virtual ball to a target height, with movements restricted to the vertical direction (see Figure 1 ). The deviation of the maximum ball height from the target height for each bounce served as the outcome measure or error that participants are instructed to minimize. Because the ball motion was simulated in a virtual environment, there were no uncontrolled aspects as would occur in a real-life version of the task; the ball dynamics were completely known. Knowing the exact physical model of the task allowed us to obtain underlying measures critical for control in addition to the typical performance measure, error.
To extract variables that delineate potential control strategies, a mathematical model of this task was developed and subsequently analyzed (Dijkstra, Katsumata, de Rugy, & Sternad, 2004; Sternad, Duarte, Katsumata, & Schaal, 2000; Wei, Dijkstra, & Sternad, 2007) . The model consisted of a planar surface performing periodic vertical movements repeatedly impacting a ball. The model analysis of this nonlinear dynamical system showed that the system has dynamically stable solutions, meaning that small errors or perturbations die out by themselves. This approach is advantageous because the performer need not adapt his or her racket movements to every small deviation of the ball to maintain successful performance. More important though, dynamic stability is only achieved when the racket hits the ball during the decelerating portion of the racket's upward motion. Figure 2 illustrates this behavior for simple sinusoidal movement of the racket. Note that for this argument the racket movement does not need to be strictly sinusoidal, only periodic, as only the segment of the ball-racket contact matters. Hitting the ball with negative acceleration is an efficient solution to this task, as small errors need not be corrected ( Figure 2B ).
To make this property of the task more intuitive, consider the following: while hitting the ball with negative racket acceleration, balls that hit the racket earlier (such as after a lower ball amplitude in the preceding bounce) are hit with relatively higher velocity. This in turn leads to a higher ball amplitude on the following bounce, which is equivalent to an automatic correction of the previous low amplitude bounce. Conversely, balls that hit the
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racket later (such as after an amplitude overshoot) are hit with relatively lower velocity, which leads to a lower ball amplitude on the next bounce. Previous research has shown that participants learn to exploit dynamic stability (e.g., Dijkstra et al., 2004; , 2015 Sternad, 2006; Sternad, Duarte, Katsumata, & Schaal, 2001; Wei, Dijkstra, & Sternad, 2008) . Novices initially hit the ball during the accelerating portion of the racket's upward motion to impart energy to the ball in the upward direction. In contrast to the dynamic stability achieved with ball-racket impacts during the decelerating racket trajectory, hitting the ball with an accelerating trajectory produces unstable performance and errors amplify from one bounce to the next ( Figure 2C ). To compensate for such unstable performance, the novice participants can actively correct for errors by adjusting their racket trajectory to propel the ball either higher or lower than the previous bounce, based on visual information about the error (de Rugy, Wei, Müller, & Sternad, 2003; Siegler, Bazile, & Warren, 2013; Wei et al., 2007) . However, with practice, participants learn to hit the ball with negative acceleration, reducing the necessity for active correction of errors (Wei et al., 2008) . Thus, this analysis identifies a control variable, racket acceleration, through which stereotype threat may have its effect on the outcome variable, error.
Theories on Stereotype Threat
The effect of stereotype threat on task performance has been conceptualized in two lines of work, one emphasizing performance on cognitive tasks (e.g., Schmader, Johns, & Forbes, 2008) and the other focusing on performance on sensorimotor tasks (e.g., Beilock, Jellison, Rydell, McConnell, & Carr, 2006) . Schmader et al. (2008) have proposed a model that is primarily aimed at accounting for debilitation on cognitive tasks. This model incorporates cognition, affect, and motivation and how they impact performance through their effects on working memory efficiency. Performance is debilitated because concern about fulfilling the stereotype occupies working memory resources that could be used for task performance.
This model also incorporates a separate pathway for performance on sensorimotor tasks, thereby including results by Beilock and her colleagues (e.g., Beilock et al., 2006) . Beilock argues that stereotype threat and performance pressure result in a two-pronged effect whereby people not only worry about the situation (thereby depleting working memory as in Schmader et al., 2008) , but also explicitly monitor their performance to ensure optimal performance (e.g., DeCaro, Thomas, Albert, & Beilock, 2011) . Beilock has focused on the performance of skilled athletes, and has found that pressure leads to the monitoring of performance, which disrupts well-learned, proceduralized behavioral sequences (e.g., Beilock, 2010; Beilock et al., 2006; Beilock & Carr, 2001) . Schmader et al.'s (2008) account incorporates motivation, but only indirectly, as it suggests that its effects manifest themselves by impacting efficiency of working memory. Beilock's account (e.g., Beilock et al., 2006) argues that threatened participants are motivated to minimize mistakes, but the cause of the performance debilitation is the resulting step-by-step focus on task execution. In the current work, we focus on the effect of stereotype threat on motivation and its direct effects on control and task performance by testing Jamieson and Harkins's (2007) mere effort account.
Mere Effort: A Motivational Account
The mere effort account was suggested by Harkins's (2006) analysis of the effect of the potential for evaluation on performance. This account argues that the potential for evaluation motivates participants to want to perform well, which potentiates whatever response is prepotent, or most likely to be produced, on the given task. For example, on the Stroop color-word task (Stroop, 1935) , the prepotent response is to state the word, as opposed to the correct response, naming the color in which the word is printed. If the prepotent response is incorrect and participants do not know, or lack the knowledge or time required for correction, performance is debilitated (see Figure 3) . However, if the prepotent response is correct, or if participants are able to recognize that their prepotent tendencies are incorrect and are given the opportunity to correct, performance will be facilitated. Figure 2 . Simulation of the ball-racket system. (A) Assuming sinusoidal racket movement, the racket trajectory has a segment with positive acceleration followed by negative acceleration before its peak position. (B) When the racket impacts the ball during the decelerating portion of the racket's upward motion, the ball-racket system is dynamically stable. Slightly different initial conditions all lead to the same stable ball amplitude without any changes in the racket trajectory. (C) If the ball impacts the racket during the accelerating portion of the racket's upward motion, the system is unstable. Different initial conditions can lead to unstable behavior where the ball finally sticks to the racket. The only way to achieve and maintain a stable pattern is to correct for errors in the ball amplitude by a change in the racket trajectory.
This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Witte and Freund (2001) found that when solving anagrams, the initial tendency was to try consonants in the first position. McFall et al. (2009, Experiment 1) argued that subjecting participants to the potential for evaluation should potentiate this prepotent response. As a result, participants subject to evaluation should be better at solving anagrams of words that begin with consonants, but worse at solving anagrams that begin with vowels than participants not subject to evaluation. This is what they found. The same process (potentiation of the prepotent response) led to better performance in one case (words that began with consonants), but worse performance in the other (words that began with vowels). Jamieson and Harkins (2007) argued that stereotype threat, like the potential for evaluation, motivates threatened participants to want to perform well. In this case, the motivation to counter the negative stereotype brings into play the same processes that are implicated in the evaluation-performance relationship. They have found support for this account, using the antisaccade task (Jamieson & Harkins, 2007) , GRE quantitative problems ), and the Stroop task (Jamieson & Harkins, 2011) . The present research examines the effects of stereotype threat on sensorimotor performance and tests the predictions of the mere effort account.
The Present Research and Hypotheses
Based on previous research on the ball bouncing task, predictions can be made for the effect of stereotype threat on the outcome variable and potential control mechanisms, both for novices and experienced participants. As noted above, in the virtual ball bouncing task, the initial tendency of novices is to hit the ball with positive acceleration. Adopting the perspective of the mere effort account, this behavior represents the prepotent or most likely response for novice performers. Hence, the mere effort account argues that stereotype threat should potentiate positive racket acceleration at impact in novices, leading to worse performance than controls. In contrast, experienced performers have learned to hit the ball with negative acceleration to exploit dynamic stability. Hence, hitting with negative acceleration is the prepotent response in experienced participants, who should, therefore, perform better than control participants under stereotype threat.
For novices, Schmader et al.'s (2008) working memory account would not appear to provide an a priori basis for predicting the effect of threat on acceleration or for acceleration's effect on error. For experienced participants, Beilock's explicit monitoring account predicts that stereotype threat would lead to debilitation, not facilitation, as threat leads them to think about enacting behaviors that have been proceduralized and run effectively without the contribution of working memory.
In the present research, we tested the predictions of the mere effort account for male and female novice and experienced performers using the rhythmic ball bouncing task. All participants were told that performance on this visuospatial task was highly related to math ability, and that gender differences either had (stereotype threat) or had not (no stereotype threat) been found in performance on this task. This stereotype threat was intended to stigmatize the female participants, and thus potentiate their prepotent response.
In Experiments 1 and 2, novice participants performed 25 trials of the ball bouncing task; half of the male and female participants received the stereotype threat manipulation before starting the task. For these experiments on novice performers, we hypothesized that the prepotent response, hitting the ball with positive racket acceleration, would be potentiated in the stigmatized females. As a result, novice females under stereotype threat would perform with larger errors than control novices. We expected no performance differences between novice males under the same stereotype threat conditions. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
FACILITATION
In Experiment 3, female participants performed 12 trials of the ball bouncing task. At this point, a stereotype threat manipulation was implemented after which the participants performed an additional 12 trials. We hypothesized that in the initial 12 trials, the participants would learn to exploit dynamic stability such that in the second set of 12 trials the prepotent response would be to hit with negative racket acceleration. This response would then be potentiated in the females under stereotype threat, resulting in lower errors than control females.
Experiment 1
In Experiment 1, male and female participants were asked to perform 25 trials of the ball bouncing task, each lasting 40 s. Before performing, participants were randomly assigned to either the stereotype threat or to the no-stereotype threat condition. We hypothesized that stereotype threat would potentiate the prepotent response, hitting the ball with positive racket acceleration, making it more difficult for threatened females to hit the ball with negative acceleration. As performance would not utilize dynamic stability, errors from prior bounces would not be stabilized, and the threatened females should perform more poorly than nonthreatened females. We further hypothesized that this effect would be absent in males.
Method
Participants. Seventy-two undergraduate students (36 males and 36 females) from Northeastern University participated in the experiment in exchange for partial fulfillment of a course requirement. None had any prior experience with the specific task.
Task. In the experimental task, the participant stood 2 m in front of rear projection screen (2.43 m ϫ 2.43 m) holding a real table tennis racket in his or her dominant hand (see Figure 1) . A light rigid rod with two hinge joints was attached to the racket surface and ran through a wheel whose rotation was registered by an optical encoder at a sampling rate of ϳ500 Hz. While the joints allowed the racket to move and tilt with minimal friction in all three dimensions, the encoder only measured the vertical displacement of the racket. The position of the virtual racket on the screen, represented by a horizontal red line (0.2 m ϫ 0.02 m), was controlled by the measured position of the real racket. The vertical position of the virtual ball, represented by a white filled circle (0.02 m radius), was determined using ballistic flight and inelastic instantaneous impact equations. Based on these equations, the maximum ball height of each bounce was determined by the ball velocity, racket velocity, and racket height at ball-racket impact. To simulate the haptic sensation of a real ball hitting the racket, a mechanical brake was attached to the rod that was activated at ball-racket impact of each bounce. The participant was instructed to rhythmically bounce the ball to a target line, represented by a yellow horizontal line (1.0 m ϫ 0.02 m) extending from the left edge to the middle of the screen, positioned 1 m above the minimum racket position.
Procedure. Each trial began with the ball appearing on the target line at the left side of the screen and rolling horizontally to the center of the screen. Upon reaching the center, the ball dropped vertically from the target line to the virtual racket. The participant was instructed by Experimenter 1 (male) to continuously bounce the ball to the exact vertical height of the target line for the duration of the trial. Each trial lasted 40 s and consisted of approximately 60 -80 bounces.
All participants were given one practice trial for familiarization under the supervision of Experimenter 1 (male). After this practice trial, the experimenter informed the participants of the following:
The task you are about to complete is a test of visuospatial capacity. Performance on this task is closely linked to math ability. As you may know, there has been some controversy about whether there are gender differences in math and spatial ability. Previous research has demonstrated that gender differences exist on some of these tasks, but not on others. In our lab, we examine performance on both kinds of tasks.
Participants were then randomly assigned to a stereotype threat (ST) or no stereotype threat (N-ST) condition. ST participants were informed that the task had been shown to produce gender differences, whereas N-ST participants were told that it had not. This verbal instruction has been shown to produce stereotype threat effects in previous research (e.g., Brown & Pinel, 2003; Keller & Dauenheimer, 2003; O'Brien & Crandall, 2003; Spencer et al., 1999) . At this point, Experimenter 1 excused himself after introducing Experimenter 2 (female), who was blind to each participant's condition. Experimenter 2 supervised each participant as she or he performed 25 trials (with a brief rest after 12 trials).
After completion of 25 trials, the participants filled out a brief questionnaire for evaluating the effectiveness of the stereotype threat manipulation. The questionnaire asked: to what extent are there gender differences in performance on this task (1 ϭ no gender differences and 11 ϭ gender differences), who do you believe performs better on this task? (1 ϭ males perform better, 6 ϭ males and females perform the same, and 11 ϭ females perform better), and to what extent is performance on this task related to mathematical ability (1 ϭ not at all and 11 ϭ closely related).
Data reduction and dependent measures. Each bounce in the trial was defined as the event between two consecutive ballracket impacts, or two consecutive ball position minima (see Figure 4 ). Task performance was characterized by the median error of bounces in each trial. Error was defined as the unsigned difference between the target height and the maximum ball amplitude for each bounce in the trial. Median racket acceleration at impact of each trial was used as a criterion for whether participants performed with dynamically stable solutions. To obtain acceleration of the racket trajectory, the racket position was resampled at a constant frequency of 1 kHz and double-differentiated using a second-order Savitzky-Golay filter with a window size of .05 s (Savitzky & Golay, 1964) . Racket acceleration at impact was defined as the racket acceleration 20 ms before the first minimum of ball position at each bounce. The interval of 20 ms was chosen to avoid any artifacts due to the activation of the mechanical brake.
To identify the presence of active error corrections by the participants, it was necessary to tease apart the automatic error stabilization because of dynamic stability from such additional active error-based corrections. To do so, we followed the approach detailed in Wei et al. (2008) that quantified the self-stabilizing properties of the map with the autocorrelation function. The autocorrelation of successive ball release velocities at impact determined how fast errors dissipate, or exponentially decay, across This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. To distinguish between error decreases because of dynamic stability and active corrections Wei et al. (2008) assessed the error dynamics in a ball bouncing model with an added stochastic component. As this model did not include any error correction, the autocorrelation values quantified the amount of error dissipation due to dynamic stability. Wei et al. (2008) concluded that if the lag-1 autocorrelation values obtained from participant performance were more negative than those generated by the stochastic model, then the participant applied active error corrections to decrease the error faster than with error stabilization alone.
Comparison of the lag-1 autocorrelation value from the stochastic model with the autocorrelation in participant performance could therefore quantify the relative amount of active error correction. Using the same parameters from the virtual task in the stochastic model rendered a lag-1 autocorrelation value of 0.24. Therefore, a lag-1 autocorrelation value from participant performance below 0.24 indicated the presence of active error correction in a given trial.
Statistical analysis of performance. All performance measures were analyzed in 2 (Threat) ϫ 2 (Gender) ϫ 25 (Trials) analyses of variance (ANOVA) with threat and gender as betweensubjects factors and trials as a within-subjects factor. The Greenhouse-Geisser correction factor was applied to the withinsubject effects (Kirk, 1995) . Before these analyses, all dependent measures were checked for deviations from normal distributions using W-tests (Shapiro & Wilk, 1965) . Medians of absolute error and racket acceleration were used because their distributions within each trial were not strictly Gaussian.
Results
Perception of stereotype threat. The measures of perception of threat obtained from the questionnaires were analyzed in 2 (Threat) ϫ 2 (Gender) between-subjects ANOVAs. Participants in the ST condition reported that gender differences existed in this task to a greater extent (M ϭ 7.11, SD ϭ 2.63) than in the N-ST condition (M ϭ 3.43, SD ϭ 2.81), F(1, 68) ϭ 34.86, p Ͻ .001, d ϭ 1.43. Neither the main effect for gender, nor the interaction was significant, Fs Ͻ 1, ps Ͼ .30.
ST participants also tended to report that males performed better on the task (M ϭ 4.35, SD ϭ 1.96) compared to N-ST participants (M ϭ 4.97, SD ϭ 1.38), F(1, 68) ϭ 2.65, p ϭ .11, d ϭ .39. Neither the main effect for gender, nor the interaction was significant, Fs Ͻ 1, ps Ͼ .40. The threat main effect was only marginal. However, the same manipulation check was used in each of the three experiments reported in this work. Taken together across the three experiments, the effect was highly reliable with a combined z ϭ 3.98, p Ͻ .0001, d ϭ .64. The effect for the gender difference question was also highly reliable across the three experiments, combined z ϭ 6.78, p Ͻ .00001, d ϭ 1.41.
Analysis of the question asking how related performance on the task was to mathematical ability revealed no significant differences, Fs Ͻ 1, ps Ͼ .70. However, the grand mean on this measure (M ϭ 6.96, SD ϭ 2.62) was significantly different from the midpoint of the scale 6, t(71) ϭ 3.10, p Ͻ .01, d ϭ .37.
Performance error. The primary performance measure on the racket task was the median absolute error in each trial for each participant. Given that the target height determined the number of bounces for a given trial duration, each trial had approximately 60 -80 bounces. The 2 (Threat) ϫ 2 (Gender) ϫ 25 (Trial) ANOVA on the median error revealed a significant main effect for trial, F(24, 1632) ϭ 15.21, p Ͻ .0001, reflecting the fact that the magnitude of error dropped over the course of the 25 trials from 26 cm (SD ϭ 23 cm) in Trial 1 to 8 cm (SD ϭ 10 cm) in Trial 25 ( Figure 5A ). The analysis also revealed a marginal main effect for threat, F(1, 68) ϭ 2.74, p Ͻ .11, d ϭ .40. Participants in the ST condition tended to exhibit larger errors across the 25 trials (M ϭ 13 cm, SD ϭ 14 cm) than participants in the N-ST condition (M ϭ 10 cm, SD ϭ 11 cm). Neither the main effect for gender nor the Gender ϫ Threat interaction reached significance, Fs Ͻ 1, ps Ͼ .70. The Trial ϫ Gender, F(24, 1632) ϭ 1.61, p ϭ .15 and the three-way interaction, F Ͻ 1, p Ͼ .50, were also not significant.
Racket acceleration at impact. Racket acceleration at impact served as the measure of dynamic stability in task performance. As observed in previous studies, participants initially hit the ball with positive racket accelerations until they learned to exploit the dynamically stable solution that produced automatic stabilization for small errors. Consistent with these results, the median racket acceleration at impact again revealed a significant trial effect, . Time series of racket (black) and ball (gray) trajectories illustrating the dependent measures. Error was defined as the unsigned difference between the target height and the maximum ball amplitude at each bounce. Racket acceleration at impact was defined as the racket acceleration 20 ms before the ball-racket impact of each bounce. Ball velocity at release was defined as the velocity of the ball at the instantaneous ball-racket impact of each bounce. Bounces, where the difference between the ball and racket maximum positions was below 0.25 m were referred to as stuck bounces and were excluded from the data analysis in Experiments 2 and 3.
This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Lag-1 autocorrelation of release ball velocities at impact. Lag-1 autocorrelation of release ball velocities at successive impacts measured the presence of error stabilization and active error correction. A t test revealed that the mean lag-1 autocorrelation value of all participants was positive (M ϭ .13, SD ϭ .11), consistent with results from previous studies (Wei et al., 2008) . More important, the autocorrelation values for both males and females were significantly lower than 0.24, the value obtained from stabilization in the stochastic ball bouncing model without error correction. This suggested that additional control by participants reduced the correlations and suggested active error corrections. ANOVA revealed that lag-1 autocorrelation significantly decreased across trials, F(24, 1632) ϭ 6.83, p Ͻ .0001, from .32 (SD ϭ .29) in Trial 1 to .07 (SD ϭ .20) in Trial 25 ( Figure 5C ). Further, the main effect for gender was significant, F(1, 68) ϭ 8.53, p Ͻ .05, d ϭ .71. While the mean autocorrelation values for males and females were both significantly less than 0.24, males used significantly more error correction (M ϭ .09, SD ϭ .23) than females (M ϭ .17, SD ϭ .28). There was no main effect for threat, F Ͻ 1, p Ͼ .65, nor was there a Gender ϫ Threat interaction, F Ͻ 1, p Ͼ .45. The Trial ϫ Threat, F Ͻ 1, p Ͼ .90, the Trial ϫ Gender, F(24, 1632) ϭ 1.31, p Ͼ .18, and the three-way interaction, F(24, 1632) ϭ 1.05, p Ͼ .39, were also not significant.
Discussion
All participants learned to perform the task across practice as expected from previous results (de Rugy et al., 2003; Schaal et al., 1996; Wei et al., 2008) . Both males and females showed similar improvements in the primary performance measure, median error. A marginal main effect for threat was seen as participants in the stereotype threat conditions tended to perform more poorly than their unthreatened counterparts. However, this effect was present in both males and females, counter to the hypotheses. Moreover, there was no hint of an effect of stereotype threat on racket acceleration at impact, the measure of dynamic stability.
One possible reason why we did not see the hypothesized Gender ϫ Threat interaction is that we underestimated the effect of active error correction on task performance. Based on past research we expected active correction to play little, if any, role in performance (Wei, Dijkstra, & Sternad, 2007) . Instead, over trials, we found decreases in racket acceleration values and the measure of active error correction, the lag-1 autocorrelations of successive ball This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
release velocities, suggesting that participants learned to use both active correction and dynamic stability to improve their performance. The findings also suggest that males relied on active correction more than dynamic stability, whereas females relied more on dynamic stability than on active correction. It is possible that the complex interplay of the two strategies accounts for the absence of the predicted stereotype threat effect. Ehrlenspiel, Wei, and Sternad (2010) faced a similar problem in previous research using the same task. In their first experiment, participants learned to perform the ball bouncing task over the course of 32 trials on the first day. On the second day, the participants were randomly assigned to a high-stress or to a nostress group. The high-stress participants were told that they had been entered in a competition with another participant. The participants then performed another 32 trials of the task. Ehrlenspiel et al. (2010) found that the participants subject to performance pressure improved more from Day 1 to Day 2 than participants in the control group. This finding is consistent with the mere effort account in that the participants learned to perform the task on Day 1. As a result, the correct responses probably became more likely and, potentiated by the performance pressure, produced better performance in the competition condition. However, just as in our experiment, there were no differences in the measures of active control and dynamic stability. These differences were likely absent because participants may have adopted different approaches to error reduction, similar to our experiment.
In the ball bouncing task, it is not possible to identify one trial as generated by active correction and another by dynamic stability, as both strategies are simultaneously used. Thus, in a second experiment, Ehrlenspiel et al. (2010) introduced perturbations to the flight of the ball on all trials of Day 2. These perturbations were too large to be self-correcting through dynamic stability. This effectively minimized the relative contribution of dynamic stability to error reduction and made active error correction the only possible solution for reducing error. The results still showed improved performance in the high-stress condition, but there was also evidence that this group used active control more than the no-stress group. We conclude that this increase in error correction in the modified task was possible, because other potential compensatory mechanisms provided by dynamic stability were reduced.
Thus, Experiment 2 introduced a manipulation that prevented participants from actively correcting the observed error in the previous bounce. We hypothesized that removing this compensatory mechanism would better reveal the effect of stereotype threat on task performance.
Experiment 2
Similar to Experiment 1, male and female participants were asked to perform 25 trials of the ball bouncing task. Again, participants were randomly assigned to either the stereotype threat or the no-stereotype threat condition before performing the task. In this experiment, however, unbeknownst to the participants, we applied a time-dependent manipulation to the racket velocity at ball-racket impacts as described in Sternad (2014, 2015) . Instead of using the actual racket velocity at ball-racket impact to determine ball position for the virtual display, we used the racket velocity 25 samples (50 ms) before impact. This time shift of the racket velocity altered the mapping between the perceived error and the corrective action, making actions that were normally successful in correcting an error no longer effective. If the racket impacted the ball in the accelerating portion of the trajectory, the manipulation caused errors to propagate faster and performance became unstable. Because hitting the ball with positive acceleration led to higher errors that could not be actively corrected, the only way to successfully perform the task was to exploit dynamic stability by hitting the ball with negative racket acceleration. Sternad (2014, 2015) showed that there was no significant difference in error between participants who performed the task with and without the time-dependent manipulation, indicating that the manipulation did not change the difficulty of the task. Furthermore, they found that even in this manipulated task, the median racket acceleration at impact was initially positive. This indicated that the prepotent response in the task with the time shift was the same as under previous conditions. Thus, we maintained the hypothesis from Experiment 1: stereotype threat potentiates the response of hitting with positive racket acceleration. As a result, the threatened females should perform more poorly and larger errors were expected. In contrast, threatened males should be unaffected by the threat. We expected to see this result more clearly than in Experiment 1, because it was necessary to hit the ball with negative racket acceleration to achieve error stabilization.
Method
Participants. Sixty-nine Northeastern University undergraduate students (32 males and 37 females) participated in the experiment in exchange for partial fulfillment of a course requirement. None had any prior experience with the specific task.
Task and procedure. The task and procedure was identical to that described in Experiment 1, including all manipulations and questionnaire items. However, the calculation and simulation of the ball trajectory did not use the veridical racket velocity at ball-racket impact, but the racket velocity 25 samples (50 ms) before impact.
Data reduction and dependent measures. All data analysis and reduction measures were identical to Experiment 1 with two exceptions: (a) In the perturbed case, active error correction could no longer be determined via autocorrelation and was excluded from the data analysis; and (b) we needed to eliminate short portions of the trials. Because of the manipulation, the ball occasionally became unstable and "stuck" on the racket as the participant moved the racket up and down (see Figure 2C ). During these "stuck bounces," the ball did not reach the target line and the errors and other dependent measures were very large. Including these values in the average estimates of performance would have significantly skewed these measures, without adding to our understanding of how participants performed the task. Consequently, these uncharacteristic bounces were excluded from each trial before calculating the dependent measures. To identify these events, an investigator who was blind to the experimental condition defined a threshold distance of 0.25 m between the maximum ball position and maximum racket position; bounces that were below this threshold were eliminated (Figure 4 ). Participants with a very high number of stuck bounces across trials were omitted from further analysis, as it was impossible to accurately assess their performance. The criterion for elimination of participants was This document is copyrighted by the American Psychological Association or one of its allied publishers.
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when the mean duration of stuck bounces across trials was longer than 2 SDs above the overall participant mean. Statistical analyses. The performance measures were analyzed in 2 (Threat) ϫ 2 (Gender) ϫ 25 (Trials) ANOVAs, with threat and gender as between-subjects factors and trials as a within-subjects factor.
Results
Perception of stereotype threat. The perception of threat assessed in questionnaires was analyzed in 2 (Threat) ϫ 2 (Gender) between-subjects ANOVAs. Participants in the ST condition reported that gender differences existed in this task to a greater extent (M ϭ 6.79, SD ϭ 2.78) than N-ST participants (M ϭ 3.97, SD ϭ 2.93), F(1, 65) ϭ 16.29, p Ͻ .001, d ϭ 1.00. Participants in the ST condition also reported that males performed better on the task to a greater extent (M ϭ 4.27, SD ϭ 1.75) than N-ST participants (M ϭ 5.29, SD ϭ 1.25), F(1, 65) ϭ 7.48, p Ͻ .01, d ϭ .69. Neither the gender main effect nor the Gender x Threat interaction was significant, Fs Ͻ 1, ps Ͼ .80.
Once again, analysis of the question asking how related performance on the task was to mathematical ability revealed no significant differences, Fs Ͻ 1, ps Ͼ .40. The grand mean on this measure (M ϭ 7.46, SD ϭ 2.10) was significantly different from 6, the midpoint of the scale, t(68) ϭ 5.78, p Ͻ .0001, d ϭ .70. This pattern of findings shows that the stereotype threat manipulation was successfully implemented.
Failed performance. Applying the exclusion criterion based on mean duration of stuck bounces, four participants (two males and two females) were excluded from further analysis. They exhibited an average of 13.5 to 20 s per 40-s trial, where the ball was close to the racket and never achieved regular rhythmic behavior. This substantially exceeded the overall mean of 2.94 s per trial. An analysis performed on the mean duration of stuck bounces across trials for the remaining 65 participants revealed no reliable group differences, ps Ͼ .16. The analysis yielded a significant main effect for trial, F(24, 1464) ϭ 14.40, p Ͻ .0001. Across trials, the amount of time spent in this behavior dropped from an average of 6.87 s in Trial 1 to 0.73 s in Trial 25.
Performance error. Analysis of the performance error revealed a significant change across trials, F(24, 1464) ϭ 29.42, p Ͻ .0001, reflecting the fact that the participants' performances improved from Trial 1 (M ϭ 21 cm, SD ϭ 9 cm) to Trial 25 (M ϭ 10 cm, SD ϭ 7 cm). Participants reached an asymptote at about Trial 18 ( Figure 6A ). This analysis also revealed a reliable Gender ϫ Threat interaction, F(1, 61) ϭ 4.24, p Ͻ .05, d ϭ .53. A planned contrast showed that the error for ST females was greater Figure 6D ). While both threatened and unthreatened females learned to hit with negative acceleration by the end of the experiment, threatened females hit with less negative racket acceleration throughout, as shown in Figure 6D . The fact that they hit with positive acceleration for approximately the first 10 trials resulted in a positive mean overall. Racket acceleration at impact for ST males (M ϭ Ϫ1.68 m/s 2 , SD ϭ 3.51 m/s 2 ) did not differ from N-ST males (M ϭ Ϫ0.41 m/s 2 , SD ϭ 4.28 m/s 2 ), p Ͼ .15. The main effects for threat and gender, the two-way interactions, and the three-way interaction were all nonsignificant, Fs Ͻ 1, ps Ͼ .40.
Discussion
As in Experiment 1, the participants' performance improved over the course of the 25 trials, which was paralleled by a decrease in racket acceleration at impact toward more negative values. Like Experiment 1, the performance of threatened females was significantly worse than that of nonthreatened females. Unlike in Experiment 1, however, threatened females were less successful in exploiting dynamic stability than nonthreatened females, consistent with the main hypothesis. In fact, the average racket acceleration at impact across all 25 trials was positive for threatened females, whereas it was negative for nonthreatened females. For males, there was no difference in error or acceleration as a function of threat. The marginal debilitation effect found in the male/threat condition in Experiment 1 did not recur.
By applying the time-shift manipulation, we were able to see that threatened females had more difficulty performing the task than nonthreatened females. Moreover, we were able to see that this difficulty stemmed from the fact that, at the outset, hitting the ball with positive racket acceleration was the prepotent response, and that threat potentiated this response. These findings are consistent with the mere effort account in that threat debilitates performance when the prepotent response is incorrect.
The mere effort account also predicts that when threat potentiates a prepotent response that is correct, performance is improved. This means that if the participants had already learned to exploit dynamic stability, the response of hitting the ball with negative racket acceleration would be prepotent, and should be potentiated by threat. As a result, threatened females would be expected to perform better, not worse, than nonthreatened females. This hypothesis was tested in Experiment 3.
Experiment 3
In this experiment, we recruited only female participants, who performed 24 trials of the ball bouncing task with the same manipulation introduced in Experiment 2. However, the first block of 12 trials was performed without any threat manipulation. Examination of the error results in Experiment 2 had suggested that by Trial 12 participants had learned to hit the ball with negative acceleration, and thereby acquired a certain level of expertise. At this point, the females were randomly assigned to a threat or a no-threat condition, using the same manipulation as that used in Experiment 2. To the extent that the prepotent response was now to hit the ball with negative acceleration and exploit dynamic stability, we hypothesized that threat would potentiate this correct response, leading to a better performance by threatened females than their nonthreatened counterparts. Thus, unlike Experiment 2, females subject to stereotype threat were hypothesized to perform better, not worse, than nonthreatened females.
Method
Participants. Thirty-five Northeastern University undergraduate females participated in the experiment in exchange for partial fulfillment of a course requirement. None had any prior experience with the specific task.
Task and procedure. The task and procedure were identical to that described in Experiment 2, including all manipulations and questionnaire items. The only difference was that the threat manipulation was implemented after 12 trials instead of at Trial 1, and the experiment continued for another 12 trials. At the outset, a male experimenter described the ball bouncing procedure followed by a practice trial. At this point, he left the room and a female experimenter collected the data for the first 12 trials. She then indicated that she needed to take a brief break, and the male experimenter returned. He then implemented the stereotype threat manipulation under the guise of providing some background information on the research, while they waited for the other experimenter to return. The female experimenter then returned and was blind to the experimental condition as she collected the data for the last 12 trials.
Data reduction and dependent measures. The method of data reduction, participant exclusion criteria, and dependent measures were identical to those described in Experiment 2.
Statistical analysis. Experiment 3 was conducted in two 12-trial blocks, separated by the stereotype threat manipulation that was given after the first block. For each of the performance measures, we conducted a 2 (Threat) ϫ 12 (Trials) ANOVA, one for Block 1 and one for Block 2.
Results
Perception of stereotype threat. The perception of threat measures were analyzed in a one-way ANOVA with Threat as the This document is copyrighted by the American Psychological Association or one of its allied publishers.
10 independent variable. Females in the ST condition reported that gender differences existed to a greater extent (M ϭ 6.06, SD ϭ 3.19) than N-ST females (M ϭ 2.82, SD ϭ 1.93), F(1, 33) ϭ 12.48, p Ͻ .01, d ϭ 1.23. Females in the ST condition also reported that males performed better on the task to a greater extent (M ϭ 4.11, SD ϭ 1.94) than N-ST participants (M ϭ 5.65, SD ϭ 1.27), F(1, 33) ϭ 7.59, p Ͻ .01, d ϭ .96. Analysis of the question asking how related performance on the task was to mathematical ability revealed no significant differences, p Ͼ .50. The grand mean on this measure (M ϭ 7.43, SD ϭ 2.51) was significantly different from the midpoint of the scale (6), t(34) ϭ 3.36, p Ͻ .01, d ϭ .57. Once again, this pattern of findings showed that stereotype threat was successfully implemented.
Failed performance. First, the intervals with stuck bounces were determined in both blocks. On the basis of performance in Block 1, one participant was eliminated (average of 19.08 s of stuck bounces per trial vs. overall M ϭ 6.14 s per trial). For the remaining 34 participants, the mean duration of stuck bounces across trials in Block 1 revealed a reliable trial effect, F(11, 352) ϭ 18.77, p Ͻ .0001. The duration of stuck bounces dropped from an average of 15.71 s in Trial 1 to 2.79 s in Trial 12. There was no reliable threat effect, nor an interaction, ps Ͼ .30. In Block 2, the analysis of stuck bounces revealed no group difference, p ϭ .19, no trial effect, p ϭ .19, nor their interaction, p Ͼ .40. The participants spent 2.18 s in stuck bounces in the first trial of the second block and .49 s in the last.
Performance error. Analysis of the first block of 12 trials produced a reliable main effect for trial, F(11, 352) ϭ 20.36, p Ͻ .0001. As shown in Figure 7A , the average median error dropped from 29 cm (SD ϭ 10 cm) in Trial 1 to 14 cm (SD ϭ 8 cm) in Trial 12. There was neither a threat effect, F(1, 32) ϭ 1.09, p Ͼ .30 ( Figure  7B), nor an interaction, F(1, 32) ϭ 1.03, p Ͼ .40 .
The second block of trials also showed a reliable trial effect, F(11, 352) ϭ 4.63, p Ͻ .001. The errors dropped from a mean of 14 cm (SD ϭ 7 cm) in Trial 1 to 10 cm (SD ϭ 5 cm) in Trial 12 of Block 2. This analysis also revealed a reliable threat effect, F(1, 32) ϭ 5.48, p Ͻ .05, d ϭ .83. Females under stereotype threat performed better (M ϭ 9 cm, SD ϭ 4 cm) than their nonthreatened counterparts (M ϭ 13 cm, SD ϭ 7 cm; Figure 7B ). The interaction of these variables was not significant, F Ͻ 1, p Ͼ .60.
Racket acceleration at impact. In Block 1, there was a reliable trial effect, F(11, 352) ϭ 10.32, p Ͻ .0001. As shown in Figure 7C This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Figure 7D ). The interaction was not significant, F Ͻ 1, p Ͼ .50
Discussion
The mere effort account suggests that social threat potentiates prepotent responses. If those responses are incorrect, threat debilitates performance as we found in Experiment 2. At the outset of the task the prepotent response was hitting the ball with positive acceleration, which was potentiated by threat, leading to poorer performance by threatened females than by nonthreatened ones. However in Experiment 3, females learned to hit the ball with negative acceleration before the implementation of the threat manipulation. As a result, the prepotent response was to hit with negative acceleration, and the potentiation of this response to exploit dynamic stability led to better performance by threatened participants than by nonthreatened ones as hypothesized.
General Discussion
The effect of stereotype threat on the performance of stigmatized individuals has been studied in a variety of cognitive tasks. However, only a few studies have examined the effect of stereotype threat on sensorimotor performance, and in these studies performance has been quantified with only relatively coarse measures (e.g., distance from the ball to the target after a putt; the time needed to dribble through a slalom course). Although such performance measures characterize overall performance, they do not capture more fine-grained aspects of the execution that may shed light on the mechanisms of control through which stereotype threat has its effects on performance.
Harkins (2006) previously raised a similar concern with regard to cognitive tasks, arguing that a comprehensive understanding of the task is necessary to gain insight into how social threat affects task performance. In fact, it was the in-depth analysis of the Remote Associates Task that led to the formulation of the mere effort account for stereotype threat effects (Jamieson & Harkins, 2007) . The mere effort account suggests that participants do not simply fall victim to a process that negatively affects performance. Instead, it suggests that stereotyped participants actually intensify their efforts during task performance, but these efforts may be misdirected. The mere effort account argues that under stereotype threat the response that is most likely for the task is potentiated. If this response is correct, then performance will be improved. If incorrect, and the participant does not recognize this, or does not have the time or skill necessary for correction, performance will be debilitated. However, identifying the prepotent response at the control level, and its role in overall task performance requires a thorough understanding of the task demands.
In this study, we chose the sensorimotor skill of rhythmically bouncing a ball to a target height, because previous theoretical analysis of the task dynamics provided the foundation for teasing out the effect of threat on motor control (Schaal et al., 1996; . Whereas prior psychological studies used outcome measures, such as error, to draw inferences about the effect of stereotype threat, the ball bouncing task afforded more direct assessment of control-relevant variables. In the ball bouncing task, novice participants initially hit the ball with positive acceleration, and then learn to reduce error by shifting ball-racket impact from positive to negative acceleration. Thus, the mere effort account predicts that performance should be debilitated for stigmatized novices, as their most likely (prepotent) response is to hit with positive acceleration. We tested this hypothesis in Experiment 1. Counter to expectation, the results showed no significant difference between threatened and nonthreatened females in the control-relevant variable, racket acceleration at impact. Further, threat had a tendency to debilitate the performance of both males and females in the stereotype threat condition. We attributed this finding to the fact that active error correction may have confounded results and complicated inferences about control and stereotype threat.
While exploitation of dynamic stability is a signature of expert performance, other control processes, such as active error correction can also be used to reduce error (de Rugy et al., 2003; Ronsse, Wei, & Sternad, 2010; Siegler, Bardy, & Warren, 2010; Siegler et al., 2013; Wei et al., 2007 Wei et al., , 2008 . In Experiment 1 we found that males and females used varying degrees of dynamic stability and active correction to achieve the same level of task performance. The complex interplay of these strategies to reduce error may account for the absence of the predicted effects. Had we only analyzed error, we would not have known that the interplay of the control mechanisms likely masked the effect of threat on error.
The results of Chalabaev et al. (2013) also illustrate the need to consider the effect of ST on other measures beyond overall performance. As their isometric force task was a simple one-step skill, the null effect of ST in the primary performance measure alone could lead to the interpretation that nonproceduralized tasks, which are not susceptible to explicit monitoring processes, are immune to the effects of stereotype threat. Instead, by considering a secondary measure, Chalabaev et al. (2013) revealed that ST did affect motor control even in the absence of explicit monitoring processes. These findings provide evidence that outcome performance measures alone are not sufficient to shed light on the mechanisms through which stereotype threat affects motor performance.
Whereas Chalabaev et al. (2013) were able to capture the effect of ST by a separate measure of performance, the complex ball bouncing task did not permit such a simple parsing of variables. Thus, we applied the time-shift manipulation with the goal of isolating the effect of ST on one of the control mechanisms. In earlier research on ball bouncing under stress, Ehrlenspiel et al. (2010) faced a similar problem in that they observed an effect of stress on error, but no effects on the mechanisms of control. In that research, as in Experiment 1, it was possible that some participants used active control, whereas others tended to rely on dynamic stability as a control mechanism. In a second experiment, Ehrlenspiel et al. therefore added random perturbations to the ball flight, which required the participants to use active error corrections and ruled out sole reliance on dynamic stability. This experimental variation led to the expected relationship between active correction and error.
Therefore, this study added a time-dependent manipulation to the racket velocity at impact in Experiments 2 and 3, which required This document is copyrighted by the American Psychological Association or one of its allied publishers.
participants to exploit dynamic stability to perform successfully. Using the modified task, Experiment 2 tested the initial hypothesis that performance by threatened novices would be degraded, because the prepotent response, hitting with positive acceleration, was potentiated. Consistent with this hypothesis, we found that the threatened novice females hit the ball with more positive racket accelerations and had higher errors than their unthreatened counterparts. In Experiment 3, the stereotype threat manipulation was delivered after the females had practiced the task for 12 trials; having gained a moderate level of expertise, it was expected that the prepotent response would now be to hit with negative acceleration. We hypothesized that this response would be potentiated in experienced females stigmatized by stereotype threat, and thus facilitate their performance. Indeed, threatened females hit the ball with greater negative acceleration than nonthreatened females, which was accompanied by smaller errors. A caveat is that we showed this overt effect only in the modified task. However, we infer that similar processes hold for the unmanipulated task, only masked by compensatory processes from error correction.
The effect of stereotype threat on task performance has been conceptualized in two lines of work. With a focus on cognitive tasks, the model of Schmader et al. (2008) argues that the effect of stereotype threat on cognition, affect, and motivation combine to impair the efficiency of working memory. This model also has a pathway that incorporates findings of Beilock and colleagues on sensorimotor tasks (e.g., Beilock et al., 2006) . Thus, it proposes that the performance of experienced participants is disrupted by stereotype threat, because the threat leads them to monitor processes that have been proceduralized (i.e., well-learned). A second line of theorizing (e.g., DeCaro et al., 2011) incorporates the same two processes, but has focused primarily on the effect of threat on the performance of sensorimotor tasks by experienced participants.
In accounting for the present results, one could argue that novices use working memory as they learn to perform the task, and that stereotype threat creates anxiety and self-doubt, which take up processing capacity, leading to the performance debilitation found in Experiment 2. For example, Stone et al. (1999) found that stereotype threat debilitated the performances of novice golfers. However, the working memory account provides no a priori basis for predicting the effect of threat on performance, nor does this account provide any basis for expecting racket acceleration to mediate the effect. In contrast, based on identification of the prepotent or most probable response, the mere effort account makes an a priori prediction that stereotype threat will have an effect on the control mechanism and the terminal behavior.
For experienced participants, Beilock's explicit monitoring account predicts that threat would debilitate performance. For example, DeCaro et al. (2011) argue that in Beilock et al.'s (2006) golf putting task and in Chalabaev et al.'s (2008) soccer dribbling task expert performance was debilitated because stereotype threat led these participants to monitor their well-learned behaviors. However, in Ehrlenspiel et al. (2010) and in Experiment 3 of the current research, participants had learned to perform the task, which facilitated, not debilitated performance. Ehrlenspiel et al. (2010) suggested that this facilitated performance of their threatened participants may have been the result of the rhythmic nature of the task, which might make it less susceptible to the effects of explicit monitoring. The same caveat may also hold for the current experiments.
As mentioned in Ehrlenspiel et al. (2010) , a previous brain imaging study (Schaal, Sternad, Osu, & Kawato, 2004) , behavioral results (Howard, Ingram, & Wolpert, 2011; Ikegami, Hirashima, Taga, & Nozaki, 2010; Sternad et al., 2013) , and modeling studies (Ronsse, Sternad, & Lefevre, 2009; Sternad, Dean, & Schaal, 2000) support the argument that different control strategies are used to perform rhythmic and discrete motor tasks. Hence, the influence of stereotype threat on these different control strategies could potentially lead to different performance effects in the discrete golf putting task (Beilock et al., 2006) . However, this does not account for the debilitation observed in the soccer dribbling task (Chalabaev et al., 2008) . The soccer dribbling task is a continuous, and possibly rhythmic task, similar to ball bouncing. The essential element in such continuous tasks is that errors continuously propagate from one ball contact to the next. In golf putting on the other hand, each putt is a new event with different initial conditions. Although it is still unclear from these collective findings whether stereotype threat produces different effects in discrete and rhythmic tasks, it is an important consideration for future studies involving sensorimotor tasks.
Another potential reason for these divergent results could be that participants in these studies were not experienced in the specific experimental tasks. For example, in Beilock et al.'s (2006) research on golf putting, they pointed out that their "experts" were asked to putt the ball so that it stopped directly on the target. This specific experimental task is different from the task on which these participants are actually expert: putting the ball through the target into the hole. Beilock et al. (2006) acknowledged this fact, noting that experts found that the constraint of stopping the ball on the target made the more task difficult. Similarly, the experimental task used in the soccer study by Stone et al. (2008) required participants to dribble with only the dominant foot, whereas they typically dribble with both feet. Thus, in neither case was the experimental task actually the task in which the participants were expert.
The detailed understanding of the ball bouncing task provides a theoretically grounded measure of expertise. In Experiments 1 and 2, the mean racket acceleration at impact in Trial 1 was positive, assuring that the participants were indeed novices. In Experiment 3, participants were trained in the experimental task until they were experienced as indicated by negative racket acceleration at impact by Trial 12 (see Figure 7) . Thus, the measure that determined the level of expertise was the same control mechanism that accounted for error performance on the specific ball bouncing task that we used. These considerations demonstrate how a fine-grained task analysis can contribute to a better understanding of how a psychological manipulation (e.g., stereotype threat) affects a behavioral measure.
These findings also highlight the fact that verbal task instructions to the participant can subtly affect motor learning and performance. Previously, different types of instructions have been shown to affect complex skill learning, most notably in terms of directing attentional focus (Perkins-Ceccato, Passmore, & Lee, 2003) . These more subtle effects during uncontrolled, spontaneous interaction with the subject are generally ignored in motor control research. On the other hand, gender differences have been documented, particularly that boys have better motor and visuospatial abilities than girls (Müller & Sternad, 2004) . More recently, modeling of brain activation networks has suggested a physiological basis for this gender difference (Ingalhalikar et al., 2013) . In motor neuroscience these seemingly subtle effects of stereotype and gender on motor performance have been This document is copyrighted by the American Psychological Association or one of its allied publishers.
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given little attention. Our results suggest that experimenters should take extra precautions to ensure that they do not indirectly elicit this stereotype in interactions with their participants to avoid confounding effects on experimental results. Even if experimenters take such precautions in their interactions with their participants, it is still possible for subtle cues in the experimental setting itself to activate gender stereotypes. For example, research has shown that solo status (female tested by male experimenter along with other male participants) can produce threat effects (e.g., Inzlicht & Ben-Zeev, 2000; Schmader & Johns, 2003; Sekaquaptewa & Thompson, 2002) . In fact, Stone and McWhinnie (2008) found that the gender of the experimenter by itself was sufficient to produce a threat effect in the context of a putting task. These findings suggest that investigators in motor control may want to consider assessing the beliefs of their participants about gender differences in a post-experimental questionnaire to ensure that gender stereotypes have not been inadvertently activated.
In conclusion, our research demonstrated the effect of stereotype threat on sensorimotor performance supporting a motivational explanation as formulated by the mere effort account. Our experimental results show that performance outcome measures alone are not sufficient to determine the mechanisms through which stereotype threat affects task performance. When using complex sensorimotor tasks to study the effects of ST, it is important to consider how it affects the underlying control mechanism(s), even if there is no detectable effect on overall performance. By demonstrating how subtle psychological influence can differentially affect motor learning, our findings also stress the need for care in verbal instructions when conducting motor learning experiments. Figure 8 . Simulation of the ball-racket system with time-dependent manipulation. (A) If the ball impacts the racket during the accelerating portion of the racket's upward motion, the system is unstable. (B and C) When the racket impacts the ball during the decelerating portion of the racket's upward motion, the system is unstable if the racket phase is between 0 and .05 rads; otherwise, the perturbed ball-racket system is dynamically stable.
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